Aim: The present investigation was carried out to evaluate the nutritive value of fodder in natural habitat, cultivated crops and their preference by wild Asian elephant (Elephas maximus) in forest and non-forest areas in four seasons using field observation in Sonitpur District of Assam; since, there were frequent incidences of crop raiding by wild elephant leading to loss of property and human-elephant conflict.
Introduction
Wild Asian elephants (Elephas maximus) are the Asia's largest terrestrial herbivores. The population of wild elephant in Assam is about 5000 with a captive population of about 1250 [1] . They have become endangered [2] after disappearing from most of their historical ranges. The requirements of large home ranges with plenty of forage, the elephants are compelled to come in greater contact with human settlements. With the increase in human population and encroachment of forest areas, the elephant habitats have been rapidly degraded and fragmented leading to human-elephant conflicts such as loss of property, human life and crop damage. Elephants consume natural vegetation as well as cultivated crops. The factors that influence the decision to consume or reject a plant are palatability of the item and presence of toxic substances [3] . Elephants are generally coarse feeders, and they feed on a wide variety of plants.
Wild elephants in the study area selectively consumed wild plants. Although a large population of elephants is found in the North-Eastern region of India, particularly in Assam, hitherto very few efforts have been made to study about their preference of fodder in natural habitat as well as crops.
Therefore, the present study was considered essential to provide insight into the nutritional composition of preferred fodder as a part of their feeding strategy for long-term survival of the species with reduced human-elephant conflicts.
Materials and Methods
The study was conducted in Sonitpur district of Assam covering the high human-elephant conflicted areas located in 26°37ʹE to 27°E latitude and 92°42ʹN to 92°50ʹN longitude. The study areas in the forest were Sonai-Rupai Wildlife Sanctuary, part of Nameri National Park and non-forest areas with frequent crops and household damage by the elephants. The forest type is deciduous and evergreen. The study was conducted in four seasons viz. Winter (December, January and February), summer (March and May), monsoon (June, July, August and September) and post monsoon (October and November). The temperature in winter ranges from 10°C to 22°C and 26.20-34.23°C in summer with an average rainfall of 1600 mm and 40% relative humidity. The observations on feeding evidences were made from a flight distance during foraging. In most cases, elephants were observed while feeding on a fodder, after they had moved away, representative part of the consumed plants samples by then collected for analysis. In few cases, samples were collected by observing indirect evidences like uprooting of small plants, breaking of tree branches, debarking and even presence of undigested part of consumed fodder in feces. A minimum quantity of 300 g sample was collected as per standard method along the trail of elephants into a numbered polythene packet from the study areas. The weighed samples were placed in a hot air oven at 100±1°C for 8 h for dry matter (DM) estimation. The dried samples were grounded and stored in labeled glass jars for further chemical analysis. The analysis of samples was carried out at Department of Animal Nutrition, College of Veterinary Science, Assam Agricultural University, Khanapara, Guwahati, Assam.The DM, crude protein (CP), crude fiber (CF), ether extract (EE), total ash (TA), and nitrogen free extract (NFE) were determined as per method of AOAC [4] ; and neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin were determined as per Goering and Van Soest [5] . Data were analyzed using SAS [6] system.
Results
A total 39 fodder species belonging to 18 families with varying nutrient values was found to be consumed by elephants (Tables 1-4) . Availability of fodder in winter, summer, monsoon and post monsoon seasons was 11, 11, 16 and 21 within the recorded species, respectively.The elephants consumed whole plant or its parts viz. leaf, stalk, bark, fruit and root. Overall utilization of fodder (Table-5 (Table-6 ). The total availability of fodder in post monsoon season was higher in non-forest areas than the forest areas and it has also been observed that the crops basically paddy is the main cultivated item in this region with a good source of nutrients. Due to the abundance, the elephant preferred this richer source of crop. The crop raiding activity of elephants becomes more marked along with increased availability and nutritional quality of fodder and proximity to the forest areas in post monsoon season.
Discussion
The elephants consume a wide variety of forages to maintain their body demand and productive life. The study at Sonitpur District revealed that 39 different fodder species consumed by wild Asian elephants containing varying nutrient contents throughout the year. Earlier workers [7] reported that a total 50 plants species was observed to be favorite fodder species for elephants. This number was more than that our findings and might be due to larger study area. A previous study [8] reported that out of 52 recorded species, only 22 plants species were found to be utilized either fully or partially as evidenced by branch breaking, uprooting etc with values of forages viz. CP 3.18-21.25%, CF 20.00-54.00%, NDF 57-74%, ADF 24.8-40% and lignin 4-9.1 %. Earlier researcher [9] recorded 20 species of plants, grass and trees with an average value of CP 11.8%, EE 2.85%, CF 23.95%, [11] . The nitrogen or protein content of the plant is only one of the many plant characteristics that are vitally important to herbivores [12] . The views of previous works supported the findings of the present study. The grass formed the major portion of elephant diet in Mudumalai Wildlife Sanctuary [3] . In our study area, about 46.15% of their consumed fodder belonged to grasses. This result agreed with the findings of earlier workers [13] [14] [15] . Plant family Areeacea (Calamus sp.) was selected more, followed by Moracea (Artocarpus, Ficus species) [16] this finding contradict out finding as we recorded the highest share of fodder was from Poaceae. The percent TA content in forest and non-forest areas varied within the range of 2.66-20.00%. The increased level of ash in post monsoon season in non-forest areas may be attributed in inviting elephants to raid crops as the availability of crops were increased with palatability. The elephants consumed barks of Bombax ceiba and Sterculia villosa containing CP 8.5% and 10.00%, respectively; in post monsoon season. The debarking of many food plants by elephants has been observed in various parts of the tropics [17] . The present finding also agrees with the findings of the previous worker [17] . The percent NDF content of fodder in forest and non-forest areas was varied from 38 to 96, and 36 to 82, respectively. No significant changes were observed among seasons, but significant difference was observed (p<0.05) between forest and non-forest areas, as NDF content was higher in forest irrespective of the season. The level of cellulose, hemicelluloses and lignin increased considerably during post monsoon season in forested areas, which signify the decreased palatability and intake of natural vegetation. Thus, the elephant moves away from their natural habitat to find out alternative source of fodder with high nutritive value such as cash crops and other agricultural crops. Similar observation was also made by earlier worker [8] . It has also been reported that the raiding of agricultural fields by elephants sometimes occurs due to proximity with cultivation [18] [19] [20] . Crop raiding in the study area was a herd activity, but sometimes a lone dominated male (makhna) or mother along with a calf was involved and mostly occurred in the night. The elephants raid crops when the quality of the preferred food item, grass began to decline in their natural habitat [21] . In the present study, the increased incidence of crop raiding was observed particularly in post monsoon season when increased number of fodder along with higher content of CP, TA and lower content of NDF were present than the forest areas. Other studies also reported on the crop raiding in increased intensity during certain months when the grain matures and continue till harvesting [22] .The availability of fodder and its preference found to have a significant relation when the nutrient content of fodder decreases along with reduced number of fodder in forest areas, at the same time the availability of nutritionally rich source of crops become abundant in non-forest areas. Again, due to maturation of fodder in forest areas, the lignifications reduce the palatability of fodders and elephants are bound to forage more time in search of required quantity of fodder to maintain their biological needs. On the other hand, in non-forest areas, particularly in post monsoon season, palatable crop along with an abundant quantity also reduces the foraging time. Therefore, these findings establish a correlation between the availability of fodder and its preference by crop raiding elephants in the study areas.
Conclusions
The present investigation revealed that the fodder with high nutritive value and availability in proximity to the forest areas provoked the elephants to consume agricultural crops in some parts of the year. As a consequence, the findings would contribute into a useful insight into the management of habitat for conservation of large herbivores like elephant in the long run and in mitigation of human-elephant conflicts.
